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Background: Allergic respiratory diseases are characterized by
large numbers of eosinophils and their reactive products in
airways and blood; these are believed to be involved in pro-
gressive airway damage and remodeling. IL-5 is the principal
cytokine for eosinophil maturation, differentiation, and sur-
vival. Mepolizumab (SB-240563), a humanized monoclonal
antibody (mAb) specific for human IL-5, is currently in clini-
cal trials for treatment of asthma.
Objective: The purpose of this study was to characterize the
pharmacologic activity and long-term safety profile of an
anti–human IL-5 mAb to support clinical trials in asthmatic
patients.
Methods: Naive and Ascaris suum–sensitive cynomolgus mon-
keys received various dose levels of mepolizumab and were
monitored for acute and chronic pharmacologic and toxic
responses.
Results: To support preclinical safety assessment, cynomolgus
monkey IL-5 was cloned, expressed, and characterized.
Although monkey IL-5 differs from human IL-5 by 2 amino
acids (Ala27Gly and Asn40His), mepolizumab has comparable
inhibitory activity against both monkey IL-5 and human IL-5.
In A suum–sensitive monkeys, single doses of mepolizumab sig-
nificantly reduced blood eosinophilia, eosinophil migration
into lung airways, and levels of RANTES and IL-6 in lungs for
6 weeks. However, mepolizumab did not affect acute bron-
choconstrictive responses to inhaled A suum. In an IL-
2–induced eosinophilia model (up to 50% blood eosinophilia),
0.5 mg/kg mepolizumab blocked eosinophilia by >80%. Single-
dose and chronic (6 monthly doses) intravenous and subcuta-
neous toxicity studies in naive monkeys found no target organ
toxicity or immunotoxicity up to 300 mg/kg. Monkeys did not
generate anti-human IgG antibodies. Monthly mepolizumab
doses greater than 5 mg/kg caused an 80% to 100% decrease
in blood and bronchoalveolar lavage eosinophils lasting 2

months after dosing, and there was no effect on eosinophil pre-
cursors in bone marrow after 6 months of treatment.
Eosinophil decreases correlated with mepolizumab plasma
concentrations (half-life = 13 days). 
Conclusion: These studies demonstrate that chronic antago-
nism of IL-5 by mepolizumab in monkeys is safe and has the
potential, through long-term reductions in circulating and tis-
sue-resident eosinophils, to be beneficial therapy for chronic
inflammatory respiratory diseases. (J Allergy Clin Immunol
2001;108:250-7.)

Key words: IL-5, monoclonal antibody, asthma, eosinophilia, mon-
key, preclinical safety, toxicology

Asthma is a complex disorder characterized by
eosinophilic inflammatory infiltrates and intermittent,
reversible airway obstruction and hyperresponsiveness.
In response to allergen, allergic asthmatics exhibit a
biphasic bronchoconstrictor response with early- and
late-phase reactions. The early response is initiated by
bronchospastic mediator release. The late phase is char-
acterized by the presence of CD4-positive T cells that
express mRNA for the TH2-type cytokines, IL-4 and IL-
5, with an associated eosinophilia and pulmonary inflam-
mation. There is increasing evidence to suggest that
eosinophils play a central role in asthma pathogenesis
through release of proinflammatory and cytotoxic mole-
cules; these molecules are believed to be the major cause
of smooth muscle hypertrophy and chronic mucosal
damage, leading to airway hyperreactivity and deteriora-
tion of lung function over time.1-3

IL-54 is the major hematopoietin responsible for
growth, differentiation,5 recruitment,6 activation, and
survival7 of eosinophils and is therefore considered an
important factor in asthma pathogenesis8 and other dis-
eases.9 Administration of anti–IL-5 mAbs prevents
eosinophil infiltration into airways and development of
bronchial hyperresponsiveness in mouse10 and primate11

models of allergic asthma. In addition, anti–IL-5 mAbs
prevent antigen-12 or leukotriene-induced13 eosinophil
infiltration and bronchial hyperreactivity in guinea pig
airways. Thus, animal models show anti–IL-5 mAbs to
be effective in attenuating the late-phase response and are
believed to be a good model of clinical asthma. These
observations suggest that eosinophil levels and IL-5 play
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a prominent role in maintaining the chronic inflammato-
ry state in airways of individuals with asthma. In recent
clinical studies, the anti–IL-5 mAb SB-240563 and IL-
12, while reducing the number of circulating eosinophils,
did not affect early- or late-phase responses in subjects
with asthma.14,15 However, these were acute treatment
studies, and chronic therapy might be required to reduce
tissue eosinophil levels to affect these endpoints.

Mepolizumab (SB-240563) is a fully humanized mAb
specific for human IL-5. Mepolizumab blocks binding of
human IL-5 to the α chain of the IL-5 receptor complex
expressed on the cell surface of eosinophils. It is predict-
ed that mepolizumab will reduce the accumulation of
eosinophils in asthmatic lungs, reduce activation of infil-
trated cells, and reduce elevated levels of circulating
eosinophils. Mepolizumab might also have the potential
to reverse airway remodeling, which in severe cases
leads to permanent tissue destruction. Before evaluation
of mepolizumab in human beings, preclinical pharmacol-
ogy, safety, and toxicity studies were conducted in
cynomolgus monkeys, the only animal model in which
the antibody displays cross-reactivity. The clinical devel-
opment of mepolizumab in asthma has begun with sin-
gle-dose phase I studies14 and is currently in repeat-dose
phase II studies. 

MATERIALS AND METHODS

Mepolizumab was constructed through use of conventional mol-
ecular techniques to graft complementarity-determining regions
from a parent murine mAb 2B6,16 raised against recombinant
human (rh) IL-5, into human IgG1 (κ) heavy and light chains. Addi-
tional amino acid substitutions were made to reflect human
immunoglobulin group/subgroup preferences. Mepolizumab’s
binding affinity (Kd) for rhIL-5 is 4.2 pM. A stable Chinese ham-
ster ovary cell line producing multigram quantities and a purifica-
tion procedure were identified. Supplies were prepared as sterile
solutions or lyophile products at GlaxoSmithKline Pharmaceuticals
(King of Prussia, Pa).

Study designs

Single-dose pharmacology study. Eight male cynomolgus
monkeys were selected on the basis of positive bronchoconstrictor
responses to inhaled Ascaris suum antigen. Monkeys received 10
mg/kg mepolizumab or vehicle (4 per group) by intravenous (iv)
injection. Each animal’s untreated response to antigen was evaluat-
ed 2 weeks before drug administration: an aerosol challenge was
performed with 15 breaths of A suum antigen in PBS via an ultra-
sonic nebulizer. At 24 hours and at 3 and 6 weeks after dosing, mon-
keys received aerosol challenges of A suum. Monkeys were anes-
thetized, intubated, and maintained on a ventilator for each
procedure. The following were evaluated before and 24 hours after

each antigen challenge: hematology; pulmonary function (lung
resistance [RL] and dynamic compliance [CDYN]); bronchoalveolar
lavage (BAL) absolute and differential cell counts; and RANTES,
IL-6, and IL-8 concentrations.

Single-dose toxicity and pharmacology studies.
Mepolizumab was administered iv at dosages of 0, 3, or 300 mg/kg
to monkeys (1/sex/group). Each animal was monitored for 1 month
and then killed; a complete necropsy was performed. The monkeys
were evaluated for all of the following: clinical observations, body
weight, hematology, hemostasis, serum chemistry, urinalysis,
leukocyte phenotyping, mitogen responses, anti-mepolizumab anti-
bodies, toxicokinetics, organ weights, and histology.

Male cynomolgus monkeys (n = 3), implanted with femoral
artery vascular access ports were given vehicle (2 times) and 10 and
100 mg/kg mepolizumab iv at weekly intervals. The following were
monitored for 3 hours after dosing: clinical observations, body
weight, blood pressures, heart rate, urinary excretion (osmolality,
sodium, potassium, chloride, and creatinine), serum electrolytes
(sodium, potassium, and chloride), serum creatinine, respiratory
rate, and body temperature.

Two-dose toxicity and pharmacology study. Mepolizum-
ab was administered iv at a dosage of 0, 0.05, 0.5, 5, or 50 mg/kg to
monkeys (2/sex/group) on days 1 and 29. Monkeys received 6 sub-
cutaneous (sc) doses (1 dose every other day) beginning on day 30
of Proleukin (rhIL-2; 22 µg/kg/dose; Chiron Therapeutics,
Emeryville, Calif) to induce a peripheral blood eosinophilia. Mon-
keys were monitored for 17 weeks. They were evaluated for all of
the following: clinical observations, body weight, hematology,
hemostasis, serum chemistry, urinalysis, leukocyte phenotyping,
anti-mepolizumab antibodies, toxicokinetics, electrocardiography,
and ophthalmology.

Six-month toxicity study.  Mepolizumab was administered iv
(0, 10, or 100 mg/kg) or sc (0 or 10 mg/kg) once per month for 6
months to monkeys (3/sex/group). These were the same monkeys
used in the 2-dose toxicity and pharmacology study. Monkeys were
killed 1 week after the last dose. They were evaluated for all of the
following: clinical observations, body weight, hematology, hemo-
stasis, serum chemistry, urinalysis, lymphocyte phenotyping, anti-
mepolizumab antibodies, toxicokinetics, electrocardiography, oph-
thalmology, BAL (total and differential cell counts and protein
levels), organ weights, and histology.

All study designs were reviewed and approved by institutional
Animal Care and Use Committees. Definitive toxicity studies were
conducted in accord with Good Laboratory Practices for Nonclini-
cal Laboratory Studies (21 CFR, part 58).

Procedures

Cloning and expression of cynomolgus monkey IL-5.
Poly-A mRNA from spleen (1 g) of a female monkey and a male mon-
key was isolated through use of DynaBeads (Dynal A.S., Oslo, Nor-
way). After washing, bound mRNA was eluted into reverse transcrip-
tion buffer (Gibco BRL, Gaithersburg, Md). Ten µg of mRNA was
used to generate cDNA through use of Superscript II (Gibco BRL).
PCR primers, 5′-ATGAGGATGCTTCTGCATTTGAGTTTGCTA-3′
and 5′TCTAGATTAACTTTCTATTATCCA-3′, specific to human IL-
5, and a PCR program of 30 cycles of 94°C for 1 minute, 52°C for 2
minutes, and 72°C for 1.5 minutes were used to amplify the monkey
IL-5 gene. PCR product was gel-purified and ligated into pCR2.1 vec-
tor (Invitrogen, Carlsbad, Calif). DNA of 3 independent monkey IL-5
clones had identical sequences.

Abbreviations used
BAL: Bronchoalveolar lavage

CDYN: Dynamic compliance
HPF: High-power field

iv: Intravenous (intravenously)
RL: Lung resistance
sc: Subcutaneous (subcutaneously)
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Monkey IL-5 was expressed in stably transfected Drosophila S2
cells, as described previously for human IL-5,17 with the following
modifications. The monkey IL-5 coding region was amplified from
cDNA using forward primer 5′-TCCCCGCGGGCCGCCATGAG-
GATGCTTCTGCATTTG (SacI site and initiator methionine codon
underlined) and reverse primer 5′-GCTCTAGATTAACTTTCTAT-
TATCCACTC (XbaI site underlined). PCR product was digested
with SacI and XbaI and subcloned into corresponding restriction
sites of the expression vector used for rhIL-5.

Biologic activity of recombinant monkey IL-5. Recom-
binant human and monkey IL-5–induced proliferation was assessed
on the human erythroleukemic cell line TF-1 (ATCC; subclone TF-
1.28, prepared by SmithKline Beecham). This subclone expresses
functional IL-5R (α and β chains). Proliferation was also assessed
on the mouse pre-B cell line B13 (obtained courtesy of R. Palacios,
Basel Institute of Immunology, Basel, Switzerland). In our hands,
B13 cells respond to human and murine IL-5. Assays were con-
ducted in microtiter plates containing cells, IL-5 (7 or 35 pM), and
mepolizumab. Proliferation was measured by 3H-thymidine incor-
poration over the last 4 hours of culture.

Human or monkey bone marrow mononuclear cells were incu-
bated with rhIL-5 or monkey IL-5 (10 ng/mL) and increasing con-
centrations of mepolizumab over 14 to 21 days. Eosinophil-peroxi-
dase–positive cells were determined spectrophotometrically at the
start of culture and at intervals thereafter.

Leukocyte phenotyping. Femoral blood samples were ana-
lyzed for lymphocyte markers (CD2, CD4, CD8, CD16, and CD20)
or granulocyte markers (CD11b and CD49d; Becton Dickinson, San
Diego, Calif). To measure eosinophil activation, the flow cytometer
was gated to display eosinophils on the basis of forward and side
scatter and CD49d staining.18 The intensity of CD11b staining was
recorded as a measure of eosinophil activation.19

Peripheral blood mitogen responses. Femoral blood sam-
ples were collected into heparinized tubes for analysis of mitogen
responses (PHA, PWM, and Con A), as described previously.20

Bone marrow analysis. Bone marrow eosinophils were
assessed in histologic sections of rib collected at termination of the
6-month study and stained by Luna’s method.21 For each slide, 10
high-power fields (HPF; 500×) were evaluated through use of an
eyepiece reticle (1 cm × 1 cm). Fields were chosen on the basis of
cellularity and staining uniformity. The eosinophils in 10 HPFs
were counted and classified as mature (segmented) or immature
(blast-to-band forms).

Pharmacokinetics. Heparinized femoral blood samples were
analyzed for mepolizumab through use of an electrochemilumines-
cent immunoassay with a dynamic range of 50 to 5000 ng/mL, as
described previously.22

Antigenicity of mepolizumab. Serum samples (diluted 1:5
in PBS/0.1% BSA) were incubated with TAG (ruthenium)-
mepolizumab and biotin-mepolizumab for 1 hour; this was followed
by incubation, without washing, with streptavidin-coated paramag-
netic microbeads for 30 minutes. ORIGEN assay buffer was added
and electrochemiluminescent responses recorded on an ORIGEN
Analyzer (IGEN International, Gaithersburg, Md). The assay
dynamic range was 94 to 6000 ng/mL.

Bronchoalveolar lavage. BAL samples were collected
before initiation of drug treatment, on day 104 of the 6-month study,
and at listed times in the pharmacology study. Each monkey was
anesthetized by means of an intramuscular injection of ketamine
with or without rompum (10 and 1 mg/kg, respectively). A topical
anesthetic was applied to the larynx and a pediatric bronchoscope
inserted down into a lung lobe until resistance was detected.
Warmed saline solution (37°C) was instilled and withdrawn in two
to three 13- to 20-mL aliquots. Lavage fluid was pooled and cen-
trifuged, and supernatants were removed. Cell pellets were resus-
pended in 2 mL of PBS and aliquots processed for total and differ-
ential leukocyte enumeration. Supernatants were concentrated
5-fold by ultrafiltration (10-kD filter) or dried under nitrogen gas
and resuspended in a minimal volume. Lavage fluid was analyzed
for total protein, total IgG, and mepolizumab in the 6-month study
and for the cytokines RANTES, IL-6, and IL-8 (human ELISA kits,
R&D Systems, Minneapolis, Minn) in the pharmacology study.

Statistical analysis

Results were analyzed by means of 1-way ANOVA or Student t
testing. A P-value of less than .05 was interpreted as the level of sta-
tistical significance.

RESULTS

Initial evaluation of mepolizumab activity against IL-
5 from various animal species used for pharmacology
and toxicology studies (mouse, rat, guinea pig, dog, and
monkey) found that mepolizumab would recognize and
neutralize only IL-5 from primates. To compare
mepolizumab’s activity against human IL-5 and its activ-
ity against monkey IL-5, cynomolgus monkey (Macaca
fascicularis) IL-5 was cloned and expressed. The amino
acid sequence of monkey IL-5 differs from human IL-5
by 2 conservative substitutions (Ala27Gly and
Asn40His). Interestingly, the reported sequence of rhesus
monkey (Macaca mulata) IL-5 also differs from human
IL-5 by 2 amino acids, but in different locations

TABLE I. Effect of rhIL-5 and recombinant monkey IL-5 on eosinophil differentiation and proliferation of IL-5 receptor-
positive cells and neutralization activity of mepolizumab

Eosinophil differentiation in bone marrow

Human Monkey TF-1 cell proliferation B13 cell proliferation

IL-5 EC50 (pM)
Human IL-5 13.3 13.3 0.7 2.7
Monkey IL-5 13.3 13.3 0.7 6.0
Mepolizumab IC50 (pM)
Human IL-5 70 104 75 83
Monkey IL-5 83 116 84 79

EC50, Effective concentration required for 50% inhibition; IC50, Concentration required for 50% inhibition.
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(Thr4Ala and Asp77Gly).23 Importantly, amino acids
critical for IL-5 functions—ie, C terminus residues, crit-
ical for binding, and N terminus Glu11, critical for sig-
naling,24,25,26—are conserved.

Recombinant monkey IL-5 and rhIL-5 were equipotent
in in vitro proliferative responses for IL-5 receptor–posi-
tive cell lines and inducing eosinophil differentiation in
bone marrow cultures (Table I). Mepolizumab equally
inhibited the biological activity of rhIL-5 and recombi-
nant monkey IL-5 in all assays. We therefore concluded
that cynomolgus monkeys were an appropriate species in
which to conduct pharmacology and toxicity studies for
mepolizumab.

Single-dose pharmacology study

Two weeks before drug treatment, mean BAL eosinophil
counts increased 6- to 10-fold 24 hours after challenge with
aerosolized A suum (Fig 1). One day after drug administra-
tion, BAL eosinophils increased 2-fold for both groups after
challenge; however, mepolizumab-treated monkeys had
60% fewer eosinophils. At 3 weeks, there was a minimal
increase in BAL eosinophils in mepolizumab-treated mon-
keys (P < .05); in the vehicle-treated group, there was a 5-
fold increase. Although the difference was not statistically
significant at 6 weeks, BAL eosinophils in the vehicle-
treated monkeys increased 5-fold whereas they were only
mildly increased in mepolizumab-treated monkeys. Increas-
es in eosinophils were accompanied by comparable increas-
es in total BAL cell counts, indicating that eosinophils were
the primary cell type infiltrating into the lungs.

Peripheral blood eosinophil counts were reduced
approximately 50% in comparison with prestudy values
in mepolizumab-treated monkeys by 48 hours after dos-
ing; this reduction lasted through 6 weeks (Fig 1). All
other hematologic parameters were unaffected.

There was no effect of mepolizumab on acute bron-
choconstrictor response to antigen immediately after
challenge at any of the timepoints evaluated, as assessed
by RL and CDYN (data not shown). This model has not
been validated to assess late-phase responses.

BAL samples collected before and after exposure to A
suum at 3 weeks after dosing were analyzed by means of
ELISA for cytokines found to be elevated in asthmatic
patients.27 There was significantly less RANTES (P <
.025) and a trend toward reduced IL-6 (P = .061) in BAL
from monkeys that received mepolizumab; in contrast,
there was no effect on IL-8 levels (Table II).

Single-dose safety pharmacology and

toxicity studies

Single doses up to 100 mg/kg had no effect on body
temperature or on cardiovascular, respiratory, and renal
function in male monkeys. A single dose of 300 mg/kg
was well tolerated by monkeys over a 1-month observa-
tion period with no effects on immune function. 

Two-dose toxicity and pharmacology study

Mepolizumab induced a dose-dependent decrease in
peripheral blood eosinophils that reached a nadir 1

month after dosing. A maximal decrease (P < .05) of up
to 94% was observed at doses of 5 mg/kg or greater (Fig
2). This decrease was maintained through day 77 (P < .05
for doses of 5 mg/kg). Eosinophil counts returned to
prestudy values by day 99.

Administration of rhIL-2 led to a maximal increase in
circulating eosinophils on day 41 (24 hours after the
sixth dose), when mean eosinophil counts were increased
to 5.54 × 109/L (range, 0.99-11.83 × 109/L) in compari-
son with a mean baseline value of 0.11 × 109/L (range,
0.02-0.19 × 109/L; Fig 2). This increase was significant-
ly blocked (P < .05) by ≥95% in monkeys given 5 or 50
mg/kg mepolizumab and 85% to 97% blunted (P < .05)
in monkeys given 0.5 mg/kg mepolizumab. Mepolizumab
and rhIL-2 did not affect eosinophil activation.

Six-month toxicity study

All doses were well tolerated with no evidence of clin-
ical or immunologic effects. There were no drug-related
histopathologic findings, including sc injection sites. A
significant decrease (P < .05) in circulating eosinophils
(80% to 99%) was observed in all mepolizumab-dosed
monkeys (Fig 3, top). Analysis of bone marrow
eosinophils at study termination found no significant effect
of mepolizumab on immature or mature eosinophils
(Table III). Histopathologic examination of tissues known
to contain elevated levels of eosinophils (eg, lung and
small intestine) did not note differences in eosinophil dis-
tribution or apparent numbers of tissue eosinophils. No
effects were seen on leukocyte subsets (data not shown).

In BAL samples, eosinophils were reduced on day 104 in
comparison with prestudy values (P < .05 for 10 mg/kg sc

FIG 1. Eosinophils in BAL fluid and blood of A suum–sensitive
monkeys. Samples were collected before (Pre) A suum challenge
and 24 hours later (Post). Mepolizumab reduced circulating blood
eosinophils and blocked the increase in circulating and BAL
eosinophils after challenge. *P < .05 versus vehicle.
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and 100 mg/kg iv; P = .052 for 10 mg/kg iv) in all
mepolizumab-treated monkeys (Fig 4, top). BAL fluid con-
tained dose-proportional concentrations of mepolizumab
that were approximately 500-fold less than in plasma (Fig 4,
middle). Normalization of mepolizumab to IgG values in
blood and BAL showed a strong correlation (P < .001) of
mepolizumab-to-IgG concentrations in both compartments,
suggesting passive transfer of mepolizumab along with IgG
from vascular to alveolar compartments (Fig 4, bottom).28

Pharmacokinetics

After a single iv dose of 300 mg/kg, mean maximal plas-
ma concentrations (Cmax) up to 7.0 mg/mL and AUC(0-inf)
up to 1450 mg · hr/mL were observed. In single- and 2-
dose studies, the terminal half-life of mepolizumab was
determined to be 13 ± 2 days. In the 6-month study, trough
plasma concentrations (samples collected just before each
monthly dose) plateaued after the fourth monthly dose (Fig
3, bottom). AUC values calculated after iv and sc dosing
were comparable, indicating that mepolizumab was well
absorbed from sc injection sites. Exposure was approxi-
mately dose-proportional over a range of 0.05 to 300
mg/kg, and there were no marked exposure differences
between male and female monkeys.22

Antigenicity of mepolizumab.

Assessment of sera from single- and repeat-dose iv
and sc toxicity studies for monkey antimepolizumab anti-
bodies did not indicate any positive responses.

DISCUSSION

In studies of mepolizumab in monkeys, in vivo phar-
macologic activity leading to decreases in eosinophil
counts was observed. In a 2-dose study, doses at or greater
than 5 mg/kg produced a decrease of up to 85% in basal
peripheral blood eosinophil counts as early as 8 days after
the first dose. Counts remained >85% below control val-
ues for at least 11 weeks in monkeys that received 5
mg/kg or greater. Interestingly, after a second administra-
tion, doses at or greater than 0.5 mg/kg blocked rhIL-
2–induced eosinophilia, whereas this dose had no effect
on basal eosinophil counts. This suggests that the sites of
production of IL-5 for these 2 processes are different—ie,
lymphocytes in blood or lymphatic tissues for IL-2–dri-
ven eosinophilia29 and bone marrow for basal eosinophil
production—and that the distribution of mepolizumab
into these respective compartments is dose-dependent.
Thus, lower circulating levels of mepolizumab would be
needed to block IL-5 produced at sites of allergic disease,
such as the lung. In the 6-month toxicity study, peripher-

TABLE II. BAL cytokines before and 24 hours after challenge with A suum on day 22

RANTES IL-6 IL-8

Baseline 24 h Baseline 24 h Baseline 24 h

Vehicle 14.40 ± 4.23 34.06 ± 7.45 2.84 ± 0.46 10.61 ± 3.17 4.27 ± 4.13 33.63 ± 20.66
Mepolizumab 15.56 ± 4.60 12.78 ± 6.63* 3.30 ± 1.51 5.01 ± 2.39 7.04 ± 7.04 38.88 ± 31.03

Each value is mean ± SEM.
*P < .05.

FIG 2. Peripheral blood eosinophil counts from the pharmacology
and toxicity study. Monkeys received intravenous doses of
mepolizumab (arrows) and 6 subcutaneous doses of rhIL-2
(bracket). Shaded region marks the 25th and 75th percentiles of
control eosinophil counts over the course of the study. *P < .05
versus vehicle.

FIG 3. Top panel, Peripheral blood eosinophil counts from mon-
keys in the 6-month toxicity study. Bottom panel, Plasma concen-
tration versus time profiles from monkeys dosed for 6 months
with mepolizumab. Arrows indicate dosing days. The clearance
profile after the first dose is illustrated; the remaining time points
are trough sampling time points. *P < .05 versus vehicle.
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al blood eosinophil counts were decreased 80% to 99%
for the study duration with no adverse effects. The persis-
tence of low numbers of eosinophils in mepolizumab-
treated monkeys reflects the complex interrelationships
and redundancies in the immune system, where GM-CSF
and IL-3 also play a role in eosinophil production.30

Indeed, in transgenic mice in which the gene for IL-5 has
been disrupted, circulating eosinophils are present, but at
levels below those in normal mice.31

Analysis of eosinophil lineages in bone marrow from
the 6-month study found no significant effect of
mepolizumab on immature or mature eosinophils. Thus
there appears to be a blockade of progenitor cells entering
into early eosinophil maturation in the bone marrow by
treatment with anti-IL5 antibody, and not a depletion or
accumulation of eosinophil lineage cells. Accordingly, in
contrast to other antibody therapies that reduce or deplete
immune cell numbers, such as anti-CD4 mAbs,32 recovery
of circulating eosinophils following discontinuation of
mepolizumab treatment is complete after systemic clear-
ance of the antibody. Suppression of eosinophilic respons-
es to allergens has been observed in mice that were given
TRFK-5; there was a similar recovery in eosinophil num-
bers after mAb clearance from circulation.33

Mepolizumab clearance, which is comparable with
endogenous IgG, is beneficial for treatment of chronic
diseases, such as asthma, in which monthly or quarterly
dosing is feasible. However, because of slow clearance
and prolonged recovery of eosinophils, there is a risk of
reduced immune responses. The requirement for IL-5 in
host defense against parasitic infection, a disease in
which an eosinophilic response is believed beneficial, is
questionable, inasmuch as there was no increase in worm
burden or worsening of pathosis in IL-5 knockout mice
infected with Mesocestoides corti.31 In the present stud-
ies, there was no evidence of immunosuppression in
monkeys that had markedly reduced eosinophil counts
for more than 6 months. 

Eosinophilia in response to administration of rhIL-2
occurs in numerous species, including mice, rats, cats,
dogs, monkeys, and human beings, by stimulating CD4-
positive T cells to produce and secrete IL-5.29 Increased
levels of IL-5 were detected in patients undergoing rhIL-
2 therapy,34 and rhIL-2-induced eosinophilia in mice can
be suppressed with an anti–IL-5 antibody.35 rhIL-2 was
well tolerated by monkeys and produced a profound
eosinophilia—as high as 50% of white blood cells. In
monkeys receiving mepolizumab, there was a dose-
dependent inhibition of rhIL-2–induced eosinophilia,
with doses of 0.5 mg/kg or greater producing a >80%
inhibition in this model. Interestingly, a TRFK-5 dose of
0.3 mg/kg reduced eosinophil recruitment into airways of
A suum–sensitive cynomolgus monkeys.11

A pharmacokinetic/pharmacodynamic analysis of
mepolizumab plasma concentrations versus eosinophil
counts was previously reported for monkeys in which a
concentration required for 50% inhibition (IC50) of 1.4
µg/mL for reduction of eosinophil counts was estimated
for steady-state reduction.22 We observed a delay in

reaching the eosinophil nadir of 3 to 4 weeks after dos-
ing. This is an interesting observation, because during the
first month after dosing, plasma concentrations of

FIG 4. BAL results from the 6-month toxicity study. Top panel
shows that the number of eosinophils recovered in BAL decreas-
es in monkeys given mepolizumab (*P < .05; **P = .052); this com-
pares with a slight increase in vehicle-treated monkeys. Middle
panel presents quantitation of total protein, IgG, and mepolizum-
ab in BAL fluid. Bottom panel plots the ratios of mepolizumab-to-
IgG in blood and BAL fluid. �, 10 mg/kg iv–dosed monkeys; �, 10
mg/kg sc–dosed monkeys; �, 100 mg/kg iv–dosed monkeys.

TABLE III. Effect of 6 months’ mepolizumab treatment on
bone marrow eosinophils

Treatment* Immature† Mature (segmented)†

Control (vehicle) 8.1 ± 3.3 40.3 ± 17.5
10 mg/kg (sc) 5.4 ± 1.0 33.2 ± 12.2
10 mg/kg (iv) 3.6 ± 1.1 23.0 ± 9.5
100 mg/kg (iv) 3.7 ± 3.1 27.3 ± 15.5

sc, Subcutaneous injection. iv, intravenous administration.
*n = 6/group (3 males, 3 females).
†Number of cells per 10 HPFs ± SEM.
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mepolizumab are high; it is most likely due to the fact
that mepolizumab affects eosinophils indirectly by neu-
tralizing IL-5.36 On study day 120 in monkeys dosed
with 50 mg/kg mepolizumab, mean plasma concentra-
tions of approximately 11 µg/mL did not affect circulat-
ing eosinophil counts; in contrast, mean plasma concen-
trations of 5 µg/mL in the 5 mg/kg group were associated
with decreased eosinophil counts on study day 77. This
loss of effect on reducing circulating eosinophil counts at
low plasma concentrations could be due to compensating
mechanisms in the bone marrow—ie, IL-3 or GM-
CSF—that play a role in eosinophil production.30

Mepolizumab was evaluated in an acute model of asthma
in cynomolgus monkeys, which have strong bronchocon-
strictor response to A suum antigen. Mepolizumab did not
attenuate the acute bronchoconstrictor response to antigen
challenge. A definitive role for IL-5 and eosinophils in
murine models of allergic airway disease37-41 is apparently
dependent on mouse strain and sensitization protocols
used.42 The present study results are consistent with those
reported for murine ovalbumin models37,41 and for clinical
data in antigen-challenged asthmatic patients.14

Mepolizumab treatment led to a marked inhibition of
pulmonary and peripheral blood eosinophilia in response
to A suum challenge; this lasted for at least 6 weeks and
was similar to the long-term effects for anti–IL-5 mAbs
in monkeys.43 In addition, reduction in BAL concentra-
tions of RANTES and IL-6 was detected. Elevated levels
of these cytokines in patients with asthma27 are believed
to play a role in pathologic remodeling of lung airways.
By affecting both numbers of eosinophils in lungs and
levels of proinflammatory cytokines, mepolizumab
might affect the long-term remodeling of airways that is
characteristic of asthma.44

Antigenicity of monoclonal antibodies in clinical use
has been dramatically reduced since the shift from
murine to humanized mAbs.45 However, even in preclin-
ical studies with humanized antibodies in monkeys
whose immunoglobulins are >90% homologous to
man,46 antibody responses are reported. The results of
antibody responses in monkeys varies from enhanced
mAb clearance from circulation47 to anaphylactoid reac-
tions (unpublished data). In studies reported here, neither
repeated iv administration nor sc administration of
mepolizumab induced antibody responses.

In conclusion, the potential toxicity of mepolizumab
administration was evaluated in single- and repeat-dose
studies in monkeys. Mepolizumab was well tolerated,
with no evidence of systemic or local (injection site) reac-
tivity. When a rollover study design was used, monkeys
were exposed to intermittent dosing with no adverse or
immunologic effects. These safety and efficacy results
support chronic or intermittent use of mepolizumab for
diseases in which eosinophils are a predominant cell type,
such as asthma, or for seasonal disorders, such as allergic
rhinitis. Chronic therapy with this antibody will most
likely be required, because the short-term reduction in
eosinophils, as shown in these studies and recent clinical
trials,14,15 does not affect pulmonary function endpoints.
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